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The present invention rdates to the field of digital arcjdifiers i^ich direcdy cxnuvsi: digital 
siginals to apower output. MQaBq^edficaQy^ thepocesentiiiv^^ 
5 aiiiiiifieis\\WdiaiepovvBfidbypowe:st^^ 
present invention idates to a digital an^^ 

ouiput to a zipple si^Tpcesson dicuit and a method for suppoesang ripplesL 

SevB:al types of pov^Er-arrJ3lifie^ ouiput st^sshawebeen de\^oped Conveniently, they v«b 
10 laibdedas,eg. dassAampMei^ dassB arnpMeEsanddassCarrplifiQsi MOTeieoaitly, 
dassD arr^lifietsq^jeared Class A B, AB, andD are common in lowfoequeniyai^ 
deagps and have some qpKcations in other area^ such as servo-motor drives and KF 
arqMcatiaa Class C^dassE and F types are iJSuaUy only used in 

15 InrecQityear^ in particular the dassD annplifioshai^beaDmeincreasin^y popular due to 
thar drastically irrproved efficiency in contrast to the gaiecallyeir^lqyBd class AB linear 
arr5)lificatictt\ technology Class D arr^Mecs are ganecally described in Cacsten ISfidsecv 
"Hi^ Fidelity PWM based Atnplifia: Ccncq* for Aztive Speafca: Systems with a voy low 
Enecgr Consumption'; (100*^ AES Conventian, Copoihagav May 1996, pae-print 4259), 

20 vsWdiisheoebyinooipoiaf^ 

The devdopmait of dasB D ampMers iqsresent^ 

Similarinsdiemetoasv^tdiingii^MlalOT^ aii^^lifiier, piilse-wJflirnT^^ 

audio-it^xit agpal wlh ahi^ha: £i£^^ 

25 becomes ihe variations in pdse-mdih of the moduM^ 

a set of half bridge switches^ usually called H-hridge^ and each H-bridge consists of two 
power MOSFET& Unlike with dass A or B structures, the an^Mer load or the loudspeaker 
isplacedacrossthelegpof fhebridgeinsteadof femtheoulputto^ This 
configuration allows the annpJifie: to lepaxxiuce lowfi^equency signals as low as 20 Hz 

30 mthout i«j±ing bipolar povra: stfjplies or vvithout introdudngaDC offset in the output. 



DESCRIPTION 



Distal amplifier 
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InqiteofbeoooningiiTDreardiiKJ^ class D aoioan^dififlsaa^ekno^ATifOTfhfi^ 

pcxjr distortion cihaiactQistic& AttQi^v^jeremadetoMartheiiK^^ 
ieiiDveM^fi©qum(y signals acrid i«x)^ Kite: aanfigprations 

5 aichastvvD-pokButtarvNOTthfilta:;^ tv^pdeChd3)dwartvvo-poleBesselfiIteisare 
known \\iiich dther didnot ddh^er sati^ying results or caused sigiiificant efforts and costs 

It is an obj ect of the present invention to leduce distortians in digital azr^^Iifies 

10 -As vised hereiiv the tern "digital anpMet" applies to an ampb&sc vAidi directly converts to 
apower output 

Axx3Qcding to an e>Qesmplary embodiment of the present inventiotv the above ohj ect may be 
solved with a digital aoplifier far converting an audio sigpal to a power output oompdax^ a 
15 povNcr a^Tpity port^ a bn(%e circuit vA&\ at least one pair of sv\itches and a ripple suppression 
drcuLt Theripplesi:f}pi?esGion(±ruitisccnfigpreda 

ripples in a siq^ply voltage sijTplied to the bridge drcuit mth at least one pair of switches via 
the voltagpstipply port. The ripple siqpnession droit is anangpdbetv^^ 
port and the bric^ drcuit. 

20 

A:cx>rding to an aspect of ttie present invention it has been found out that a significant 
portion of the distortion of the digital arrplifier is caused by ripples in the supply voltage of 
the digital anylifier. In this respect^ it has to be noted that mth re^ject to this application, 
the texm 'ripples' is not limited to lOOHjz ripples or the like, btit refers to disturbance^ 
25 tmwantedi^avine&B and ripples wiiihin the 20kFizband^dfh of the oti^t sigpaL Also, the 
temfi 'st^TptessiQn' indudes any compensation or equalizatioa In particular in the case of a 
dassD atrpMer,ithasbeenfcftmdoutthatoneof1heiri^pQrta^^ 
fbrv\arddasB-D an:qpMeisisfhesiq:plyv^^ 
anplifier, caused by a voltage drop due to load current changea 
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ThairfoE^ vvith fte lippk sij^^ 

distcatimincigLtalarr^jMeiScmbemJu^ Diietofhi^ thedLgi[talanpiIifier 

acccax&ig to tt^ above exai^daty 
5 fully digital audio arr^jlifio: without anyfeedback;, \^Me ensuring iiiprovedtotd 
distarlian.figLite& In otharwDaxl^TOfh the digital airjMe^ 

invention^ digital svritchingan5)lifias arepiam an opoi loop, vi^ 

hayiiigieduced distortLonsL 

10 Axxjidii^gtoanejornifdaiyenG^^ 

ripple stfpreaaon dicuit comprises a lineady oantroilled voltags aaiirolla:, vAida allovss 6x 
output \ralt^varia!iaa Aivanlageoud^^ 

with minimal ripple and thetefiotpg for a output agpal wth injured Hif^rHnn. 
Advantageously, through the lineariy ocmtcolled voltage oantrdkr, a variable vdt^ sufply 
15 (Ws) niay 1^ realized without additional costSL The variable volt^ simply may al^ 

drastic reductions of idle k)S9es in the swatdiingai^ Furfhamore, advantageously, the 
dsctmmagyielic interfsDaioe (EMI) duringncmial cpecationsm^ be reduced 

Another exonplaty anbodiment of the present in\o\tian as set forth in daim 3 provides for 
20 a digital anplifiec whae a coarse stj^ply \olt^ setting is ^Hed in fimt of the controlled 
voltage controller. Due to the only coaisesi^^fiyTOltagB regulation, 
imptedse pov\o: stfplies can be used in combination with flie digital atrpliSer v\hile 
acWe^fcg reduced distortions at the amj^eroulp^ Thusy far ©cample abattety maybe 
tised as the power sifpLy. 

25 

Another e>cennplaryembcriiiiie^ of the present invention asset forlh in daini 4 provides for 
a digital arrjMer \>iiecein the ripple stppressian droit is canfigqajad to drive one tranastor 
of apairottrariiastorsofforexan^leabridg^configqratim ampKfierinfhe 
linear n^jtan of this transistar. Advarrt^geoudyaccordiiigtofhisexEir^jkty 
30 the present inventiorvvQltagsdix3ps inside the pov^ 



oon:{)ensatedby takir^into account all possible vdtage drops induding losses ki copper 




tracks ardseiii(X)oiurtca:pad^ Aivantageousfy, a£XX2rdingtotitise>CTnplary 
embodimpnf of ihepiesent inventiarv ^/olta^ drops die to a\veakpou^ supply aantral or 
small output c^>adtance Wllbe cxmnpaisated as\^^ Furtheinorei, advantagooudy, due to a 
reduction of pov^sujjplyiequiiQ^ asignificant 
5 coStiediKlianoppQrturutyisadTiev^ 

Oainis 5, 6 and 7 pirovide far furfho: ejoax^iaiy eufcodiirents of the presait inraition 
vdiidi advantageovidy allow to reduce distartions in the output signal of the digital annpJifia: 
by reducing or fiiUy oonnpensating rqqies in the pyvxac suppLy voltagB of the digjltal anqiifier 
10 ^^Mekeqing costs low. 

Axmfing to aru>£her ©cQiplaiy em 

8, the digital anfilifier gstem acocnxHng to tiie present inwnti0n is int^pted into a modtde 
or an integrated circtdt TMs advantageously allowB to provide for a digital amplifier wifh 
15 minimal dimensions aaMc having reduced distorttona Furfhamore, advarttagaously this 
provide for the anplifier stage and the can5>ensatian circuit on one dup. 

A:cording to anotlier exenifdary ernbodiment of the presort invention as set forth in daim 
10,fhedigitalanfilifierisadassD aii^jMer, preferably vsifh a H-bridge and the 
20 corr^pensation margqi of the ripple stf^presaon drcuit is ad^ed to the output power of the 
anplifier. 

Another eKEOjiary ennbodrnait of the p3^^ 
provides a ripple suppsssiai droit for 0^ 
25 airq^lifia:, oorr^aiang a lineariyajntroUed voltages 

between apov\er suppfysovitce and aH-bridge of adassD annpBfier. Advant^gsoudy, ^Me 
rediKirig requirements far the voltage stability of the output voltage of the powa: supply, 
vviuch reduces the costs of the powa: si55?ly, 

30 

according to fhisexenplary embodiment of the present invention allows for areduction of 
distortions in the output signal of a dassD arrplifier. 
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AiofhorecEixplaiyeanbcxiii^^ provides 
fbraripfiesiJjDpissamciruitiA^^ apairof ttanastcasdf adassD 

arcpMo: is operated in a liTiear 
5 theoutput signal of the airplifien 

Qaims 12 and 13 provide for ©ceaiplaryeoAodiin^ si^presang ripples 

inastj^plypowerof dassD an:plifieis^.vsJiich allow an opo^ amplifiers 
wth leduoed distorliQn& 

10 

It m^be seen as the gist of an e^eoplaty emlxx^^ 

onasi^Tplyvolt^todLgjMaix^^ causing a reducdon of 

distortions in llie ouiput signab of these digital ai^^ 

npptecarvxilatian modules or a lu^^ in 
1 5 particular to the H4>ddg& of, for exaix^le, a dass D amplifier aDov^s to reduce distortions in 
the aun{:3ifier output ^gnaL Furthetmo9£^ theccxitixslof atiansis^ 
bri(%e^, such that it is lineady oontiolled, aQov^ for an itnpDOved output sigpaL 

Theses and other ag?ects of the present invention are ^parent ar^ 
20 rrference to the embodLments described hereinafter and with refierence to the follovwing 
drawings: 

Fig. 1 d:\owsaschennaticdiagianiof a first e>caT[^l^ 

convoking an audio sigpal to a power output according to ftie pDesent invention 
25 Fig 2 diows a schematic diagpamof aseoaridexBif)laryerribodiment df adigtal arr^Jifier 
for oorivertiiig an audio signal to apor&\€^ 

Fig 3 diows a schematic di^g^am of a thhd ©cemplaiy errbodiment of a digital an^lifier for 
convertir^ an audio signal to apower output accord^ 

30 Hg 4^no^asiDcpli6edciicuitdiag^am^ 

Fig 5 sho^asdiematicdiag^miof afourthexeniplai^ 
for cortvertii^ an audio agpal to apower output accord 



^ ^ 
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Fig 6 shous a air^Hfied ciicuit di agram of the digital anplifig: of Fig 5. 

Fig 7 is a timing chart, shnuir^tiTTTiTig;nf thfidigfral amplifipr nf Tng A 

In the f cdlovsing exBoctplary anbodintents of the present invention mil be describ ed wi th 
5 referenoe to the Figures The digital aanplifiprs dqacted in Kffi 1, 2,3,4,5 and6 aredassD 
artylifiecs, having a full bridge usually rrfeoBd to as H-hridga In spite of the fact that the 
pcesertt in^^ntion tmU be desoibed \^ 

arr^Mei:^ it is apparent to the dolled poson that the presoit in^^ndon is not limited to 
dass D aiii{£fiec^ but is applicable to any kind of digital amplifier, -wtexe tipples in the 
1 0 power si^y voltage cause problems such as distortions in the output signal of the 
anplifier. 

Fig 1 shovvsasiiE^Medsdtematlcbloc^diagF^ 

digital amplifier according to the poesent invoition £(x comvetting an audio signal to apower 
15 output, RefQ:enpenumeial2inFig 1 deagnates an audio source \\hidi outputs a^ 
signaltoamDdiilator4. Thernodulator4pulse-vddfhirK>didatestheai^ 
hi^er frequency sqpjare wave so that the agnal output at the output of the modulator 4 
iTKludes the audio-agnal information as variations in pulse-widfh of the modulated signal 
This modulated signal feeds a s^ of half bridge switches, usually called H-bridgss 6 . Usually, 
20 eadiH-brid^ conasts of tvto pov\er MOSFETs The output of fhebii(%e 6 is fed into a 
filter for filtering the signal befiore the output signal is applied to a loudspeaker 1 0 . Unlike 
with dass AorB structure^ the arrplifier load, ie. fheloudqDeakarlOiscanriectedaccossto 
fhele^of thebri(^6 iiistead of from, the output to the gpound It has to be noted 
pifisent invention may also be impleciten^ 
25 present inventianisappiied to dassD halfbridgg architecture^ the q^eaiker is then connected 
to half supply or by nieans of a series capadtanca 

Rrfoenceiuirrifiial 12 deagnates apovwstj]^ 
30 battery. The power supply 12 feeds the power stfply voltage via apower sifjply port 14 to 
the svvitdies of the bridge 6. i^in^be taken fixmHg 1, according to the present invention 
there is aiipple stj^pressksn dxcuit 16 in the powa: siq^ply line betvveen the pov^a: si^ 
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port 14 and the brieve 6. The ripple siq^presaon circuit 16 iscanfiguredforsijqafisaiig 
vcdtage ripples in the si^>piy \Dli:^ si^TpIied to the bridge dicuit 6 . 

AxxDoxingtoanexenr^iaryQiibcKim the full 

5 bric^6 and the ripple si^jpiBsaoai circuit 16 ni^ be 

integrated dicuit 18. Such integiated dicuit (IC) or module usually constitutes the digital 
an^Iifia:. 

Axxaxing to this exBDcplaiy eir^ 

10 andinAOTlivedisooveiysudithatasi^^ 

bri<^6, ia ihe output of the digj.tal anylifier can be leduoedty an enhanoeoient of the 
si^^plycpiierqectian. IXietoflierqjfdesiq^aresa^ acccrdingtothepDesent 
inwsntiarv advanta^oudy areductian <rf power si^yly requurniaits mlhiegprf to output 
rq^plesmaybeinadeposGibH v\inidiin tuminay gp/easigpifLcant cost coduction 

15 opportunity^ Purtl T fflm oD ^ ftie puesent invention enddes flie provisiaa of an essentially 
distortion ficee digital open loop Sl^ft 

Fig. 2^ovN®astiiyMedsd:ieiTaticblodcdiagimnof ase^^ 
inventiaaRe6a?enceiiuiiieraI20inFig 2 des^patesapovve^SL5]plysud^asasv^itchm 
20 pov^ stpply SMPS winidi is connected to apo\\e: stpply pCM± 22 of the digital anylifier. 
Accorfing to fto e)fleii5>lat^ 

Ch2, Ch3, Qu andChn, a ripple canodlation module RC 1, RC 2, RC 3, RCi, RCnis 
provided The ripple canodlationmoddes are designated vwithrefi^^ 
A:cording to a variant of this second exencplary eiiibodiinent of the present inventicav these 
25 ripple canoellatian modules 24 maybe oonfigMted by means of wlta^ si:53ptession 



drcuita These voltagp st^psssto 
30 st^^jcesaon of \6lt^ fluctuations in the stq^ply voltage stqpplied to the switches of the 
an^lifier. Secondly, fhq^ decouple ftie individual audo diannels Chi to Otn. The voltage 
stfipresaon dicuit 24 may be ieali2Bd by means of linear oonttdleES or linear regqlatCMG^ 
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\^iudldq3©^dingan tfie ^Ked cunmtsimy be standard low drty linear controls or 
regulators HoiNever,aiioe actually rio controls 

necessary, smoe the D C value of the supply wlt^ is controlled by means of the SMFS 20, 
acxx3axing to a variant of this e^njiary ai^^ 
5 canoeJIation modules 24 may also be r<=y^]i 7pd by means of variable resistors ^ the resistance of 
which maybe controlled down to only a fewmD. Sudi variable lesistois allowto equalize 
the \ditagednDp at the paraatic supply line^\^hichi^ Also, 
advantageously, these variable resistois allowfar a reduction or equali2aticn of a wavLness or 
Efijies due to the svvitchiiig in 
10 causedbyloadvariattons In other \Anrd^ a xxuxMation of thereat 
by means of the variable leastors in the rippte can^^ 

avoLC^ce of load dqTendoit voltage dcqps in the si:^ly vdtage supplied to the svatches. 

SucJi a variable resistor m^ be implemmted by means of a MOSE^BT, having a suitable gate 
15 drive A3vantag0ousiy,incaseof alovvohmicMOSFEr, the sjstem effectiveness of the 
ovetaU digital arcplifia: recnains aliiios^ 

Advantageously, fhisexeirylaryembodiinmtof theptesmtinver±ianasd 2 
allows for an improved sound qualiiy and a very good channel separation in the case of fuU 
20 digital audio anT|^ifiers» even if only one power aipply is used Furthermore, advantageoudy, 
the efforts for filtering the oiitpiTt of the povvBTSippty since the 

actual st^poDesaon of voltage flue tuations is taken care of by means of the ripple cancellation 
modules 24. 

25 

Hg 3 sho\^s asimplifipd frhematic block diagram of a third e?qemplaiy embodimerit of a 
digital aoyilifier accordng to the present inventioa In Fig 3, the same reference numerals 
30 areusedasinFig 1 to designate the sarciecxrcorre^pordingeileD«^ 

designates a coarse simply ytidi indudes a very coarse voltgge oontcol, v\hich ouiput voltage 
i.& si:^y\ciLtage is supplied to the bridge 6 and VNHch indudes iipples and is unstable This 
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coarse stpply voltage is input to the digital arr^difier 34 via the povver aq^ply port 14 of the 
digital aii^Mec 34. R^ererKec^ara:^ 35 deagnatesalinearcortad^i^tichisans^^ 
betv^een the pov\ersi5?ply port 14 arid ttesv^dtches of the bridge 6. A detailed description of 
\^ilere and howthe linear cxnitrol 35 iscxinnectedtothebridge6 Wll be made vwiili reference 
5 to Fig 4. Refaoenoe numeral 32 designatesaTOlimesettingbymeansaf ^sWchap^^ 
operating the digital aiiplifier nciay the volurne d the audio agnal output by the 
loudspeaker 10, Le the agpallevd output by IhesvNitchescrf the M 
dianndampMerqstencv tteli^^ acxxjrding to an aspect of the present 

inveritiorvbermti7tri«patafcdy£c>readi Alvanbagaoiisty, this 

10 mayailk>vvtheusertocx}rit]x>Idifila^ the left-ri^ balance or 

backrfdtward oontrol by means of ac^'ustment of the linear Gantrd 35 by means of the 
volume setting 32. 

As in the preceding eiiibodiment^ the third e 3 
1 5 makes use of the new and inverttLve discovecy, that by improvu:^ the siq?ply npfte eg ection 
of 1i)e digital airplifiec 34, thedisfcordondiacactedsticsof thedig^tdainp^^ 
improved As maybe taken ftom Fig 3, the linear control 35, v^dimaybealso 
implemented by means of a linear r^jjflator, m^bepDOwided The linear control 35 allov^B 
for output voltage variation such that the voltage allied to the siAitches of the bridge 6 can 
20 becontrolkd This linear oontrol 35 advantagBOiidyallo\\s for a dean sl^^ 

only minimal ripple Due to the linear control 35, a variable siq?ply voltage (WS) maybe 
iised vAfhoiJt additiorial costs The variable voltage stp^ 

losses in the sv\itching amplifier. Furthennoie^ the electromagnetic emission (EMI) during 
iiorrnal opeaBtion^ rnay be reduced significantly The cm 
25 at the W^hestcaitput voltage setting rn^ even be 0 (reducing the losses to a miiiirnum) 
because distortian raqpiremerits at peak povra- are iB^^ 

audio ^pplicatians FDeferably, tihe linear cantroL 35 isimpLemoitedbymeansof alinear 
output vote^ regplator, suda as linear 00^^ 
30 vide rangp to contDcd the amplifier output pov^a: (volume coritrol). As indixatedinFig 3, 
the linear oontcd 35, the rnodiilator 4 arid the fii^ 
iiusdiile or int^paied dtcuit. 
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Fig 4 ^TQUsasiiryMedciicuit djagpmof and the bridge 6 aaxxxiing 

to an ©cenplaiy embodirnent of thepiresent invBitioa As indicated by feame 40, acoarding 
to an aq^ert of the pocesont invention, the linear ii^Mlator and the bridge 6 imy be integpal©^ 
5 together in one module or int^cated dradt. The H-bridge 6 cx>rxpises four sv\itches 
(tranastois) 42, 44, 46 and 48 v\inich arein aH-canfiguratioa Usualty, the tv\o i^^per 
smtch£s42 and 44 aieie£eQ:6dtoashi^SLdesv\itdtie^ v^het7easthe5«^itches46 and 48 ate 
lefenedtoaslowsidesfAiitdiesL FiirtiheEmaD^ there is provided a first driver 50 auangsd 
betVN«n a line Wth the iiput signal '"input 1 \^ch is fed to the gpte of the switch 46 and 

10 the g^e of the switch 4Z Furtheanace^ there is pftovLded a second driver 52 \>hich iriput 
signal is the agpal 'tvput 2" and v^hidl0^put ispcoiided to the gate of switch 44. Also, the 
signal "linpuk 2''ispcovidedto the gate cf switch 48. As maybe taken&omFig 4, the 
oiJtput^gnals output 1 and output 2 aie taken aciX)S5 the 1^ of the brid The general 
ODiTfiguiation ard qperation of a H4>ridge is known in the art 

15 described in detail haa Asmaj^betakoifom Fig 4, the linear oDntrol 35 comprises a linear 
ii^;ulator54 aruiacoii^^aratorcardiffierentialaii^^ One input of the comparator or 
diffierential anplifier 56 is connected to the output line of the linear control 35 between the 
otitputof the linear control 35 and the input of the bridge 6. In other woids, this input is 
corinectedtothedrivingvoltagpUd£veOfthebridge6. Also, this input of the corc^^arator or 

20 difierentialan:pMer56 iscarTnected\iaacq>adtor58 to the gtoimd reference of the bridge 
6. Thevoltageagr^at tliis input of the con^Brator or differ is referred to 

aasUsense- The ofhcT iiTput of the ODmpaiator Or dLBfeiential aoipMe^ recaves a reference 
-voltaga The output of the diffierential an^plifier or oonr^^ 
r^ilator 54, \fNiuch also lecdves the sispply voltages input. 

25 

The linear conttol 35 rnonitors the sup5%v^^ 
diffierenoes cm^jaiBd ag^te the refacenre 

to control the stpply wltage of the H-bridga For a fixed moddation depth at the input 
30 agnails input 1 andinput2, this reference signal thus aHows to contzol the output powier of 
the output signals output 1 and output 2 . Prcfeiably, the sense signal Usense should be 
connected as near as possible to the switches 42 and 44 of the H-bridge, \4ieDe the voltage 



10 



20 
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Ubni^ge needs to be iA.dl ojntioEe^ 

DiJiingoperatimof theliiTear thane cxxxns a TOltagedrxjpovor the linear 

r^;ulator54. This vdtagpdix)p over the linear ri^^ These losses are 

Hneariydg^QidentQntheloadament. Inoiher\^tnds;,aslQngasthebridgevDltagpisk5^ 
tiie load ommts am lowand thus the losses in the 11^^ Diietothis 
idatiotv advantageously, thekisses at output vdumeo(xur at aHgJicu^ 
thei3^;ulator, isteteas them is a lovvr voltage dixTp At alow^vcdutiie^ these wOlbeah^ 
vdtagB drop, bxit only lowcurcenL 



Alvantageoidy/ acooidingtoanaspectofthepDesentiitventi 
otifputpo^A^ at the output pov^era^ andouiputZ^uidbesdected 
iriniiiiaL Bythi^ veiyhi^effidencycanbeadiievedThisme^ 
the linear regulator 54 is aiiangpd sudi that thaB is TO 
15 highest output pov^^ setting In other 

chararterisHcs will beoome W3rs^ cQDr^^ared to reduced output power. Hovvever, this fits 
pafectly to the behavior of cxinventiQnal amplifiers^ \>iieDB the distortion g3esig> at &Gxswe 
output po\^. Thu^advant^Bou^, this does iu)tha^« any negptiwrf^^ 
^pplicafiona 



Azoording to an aspect of thepresmt invention, the cxDarse voltagp setting, vdnich is 
controlled by the volume control may be used to as^ ust the irput voltage in steps according 
to the volume setting In other wards, a two stg? control maybe rea1i?ed This aLlo\\5 to 
further reduce losses in the linear r^gpte 



25 



A3oaningtoamthera^>ectcf thisexeaplaiyeii^^ a 
sample SNIPS codd be iised as a coarse stMtdiedrn^ 

n^plator 54, v\itid\ due to its topology, allows only for coirpensation of ir^nit voltagp 
30 variations andnotfira: load variatiansL Aivant^geoiMy, due to tte provision of suA 
switched niode regqlatar befiore 1^ 
minimal and theciy a vayK^ effidency can be acW 
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AJvantageoidy, the linear cmtrol 35 canbeii9edfarnK>iBthanmecharaidinanu^ 
charmd q^catjory fbr exarrple, thelmearcantixd 35 inay be used for the left ade and the 
ri^tadeinastereoarr^iifier. Hov\Ever,moidertoachiewaamii^^ 
5 channdi^ s^aiateregMlatoism^beadvantagBcni^ ato a linear cQntrdl 



digMai^i^f^^accxirdingtothepcEsai^ IntheenibcxlimentofFig 5^ the same 

10 reference mnnecals ace used as in Fig 1 to designate the sarne or consspcnid^ 
EeSerenoe character 60 in Fig 5 designates a Sijppfy lipple monitor circuit, v\hich is 
(xainectedbetvveenthepovversi53plyl2an^ The simply ripple nionitordix^ 

60 isan3ng2dsudithatisiMastn«sthea^y\clta^si^^ and 
contidls one of ftie switdies of the bridge 6 in the linear r^oa Prefierably, the supply ripple 
15 monitor circuit 60 oontiiolsoneof thelowadesvvitdies(for©<arrylfi Qr48in 
Fig 4) in the linear r^oru AdvantagjBOudy, by such control according to the present 
in^mtion^TOltage drops in the supply TOltagi^ due to load 

cunmt changes are conj^ensated for inade the po\\^ 

taking into account all possible voltage drops, including losses in copper tracks and 
20 secniconductar packages. Of course, \^tage drops due to a v^;eakpov>a:si4^ 

smaU output cq5adtorsmaybecoiryensatedas\\eIL AJvantageously, this allows for a A?eiy 
cheep digital an^iifier having low distortions, in contrast to known solutions, vdnece massiw 
output capadtocs and si^^^ly \\rang with wide copper tracks are necessary .Apart ftxjm being 



per channd inay provide for abetter toss and heat dis^ 



Fig 5 diows a siii^jlified schematic blodc 



25 



more cost efficient, the connpensatian by means of the stgjply ripple marator drctdt 6 0 
according to the present invention also allows for oQnpensarion of vdta^ drops in the 
wirii^ 



30 Fig 6sh0W5asirri[£fieddrcuitdiagiamdqidtig^ 

manitor circuit 60 according to an exeriylaryenibodirnent of tte 
half bridge: 
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Refia?enoenumecal70 designates a dtSemtial arrylifierwithiheg^of Kl, vsJtich measures 
the wltage 1^:06 on tte si^jply^^ta^ 

Urippij vsHchisoulputtoanDJh^ As long as tiieTOli^ ripple on 

5 tiie sifjply wltagp is analla: than a crarjjensation margprv the agnal is positive: 

Refeianoenimeral 74 designate 
same as the diffamtial aiifili£uer 7 

si\itch 76. The outptit signal of the diff^^ This 
10 vdt^Ud^isoaii5)aredtofhe\cltagBa^^ means of the diffistential BooofHi&sr 

72. The otilput sigirial of the diffe^^ 

isrefiaaEdtoasetiorsignalUar TheenOTagnalUEa.isfedintoa]owsideg^da\^ 
78 to cxMitrol the gate voltage of the low side switch 76 on the basis of the aior signal 

1 5 RefieriQioe numecal 80 designates a high side g3te driver for driving the gpie voltage of a hi^ 
side switch 82. 

Fig 7 a timing chart dqicting agnails in tte 

monitar dictdt 60 acciaxing to the fourth oiilxxH^^ of thepresoit inventian isq^pKed 
20 toaH^DridgpSLKhasfheonedepictedasbri(^6inEg4. The signal names used in Fig 7 
are the same as the signal names used in Figp. 4 to 6. 



25 The first chart in Fig 7dlov^stheaudfoagnaloulputbyfheanaito 
modulator 4. 

The subsequent tvwo timing diarts diow-fhe re^^^ 

signal 2, input into the bridge 6 by means of the modulator 4. 

30 

The subsequent chart dqScts the sij^I^ 

voltage 0(ver the tiiine^vsheoeas line 90 dnows the actual stj^jlyvdtageinchidingri 
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The subsequQit tuo charts diowti^oulput agnal^ output signal 1 and output signal 2, 
output from the bridge 6. In^teof Ihe fact that the rqxesentatim in 
it is obvious that ttre output signal 1 andoutput signal 2 aieiiiflimcedby the 
5 SLg^plyvdtagp. In particular, a<X5ii5)ao9Cff\of iheoiitputsig^ to the input signal 1 andof 
theoiitput signal 2 to the ii^>ut signal 2 diD\AS that the output signals dxwdistoc^ 
Hov^ev«, due to the Gontrd of the lowade s^^ 

the st5?ply variations measured by rnears tiie diffiecential aunpUfier 70 in accxjrdance mth 
the present inveiitio[n, the cistc^ 
10 are sudi that vdien both output signals, outputs^ 

one output sigpd is provided to the loudg^eato 10, the distortions efiminate or 
cotr^iaisate each other. Tht^ asdiovminihesLtosequent diartd^ 
the output volta^ is free of distQrtian& 

15 A:oording to an aq^ect of the fourth embodiment of the presait inventian, the refeenoe- 
iriput-signal is d^osari sudi that the si^^pfy 
refeenoevoltaga Axx3rding to the present invention, the sdecti^ 
inarg^i is nnade on the basis of the cantrol nnargj^ 

20 A:ccn:dingtoanadvantageousaq?ect of the fourth embodiments^ 
additional fflter for the error signal rnay be tised to avoage th^ 



nurriber of s^Aitdring cydes to reduce the band wdth requirements for the compensation 
25 control loop. Thisdoesnot have aneg^ve effect on the Total Harmonic Distortian (THD) 
because this is doixiiiiafcedbythe effects of SLj^^ Here, 

€q:)ecLallythebv^fi:equencynp^^ For hi^ier ripple feequendes (above 5 

life), the l-d^er harmonics do not fall inade the measurecnent band and do not contribute 
30 toflieTHD. 



Axx>rding to flie fourth esCTcplary ennbodiirifint diown in Fig^ 5 and 6, the sipfiy vdtage 




iscxHitiniioijdyinanitOEDed and ooaipQied agpinst the refeDsrice voltage. However, acoarding 
to a variant ctf this exsiplaryaiilx)^^ aamilarfunGtianality 
m^be achieved by means of a sample and hold function block for the sifjply v>1tRgf=> signal 
Thfflv the agjpfy TOlt^ is sampled f ot evey switching cyde^ resulting in a cor^tant voltage 
5 dn^jovortheloadadesvvitchduiingacyde Sx^Dplyvdtagp variations during the sv^tching 
cydes have no influence AJvantggaousiy, this aDowsfDr a reduction of Ihe susceptibility to 
switching iKjise on the sij^ply voltage line. 

Also^ acoocdiiig to another variaiTt of Ihe foui^ 
10 in\entioiv an adq>tivetxaddiig of the supply 

voltage automatically. AJvantageoud)^ fiiis is performed in a that far a given 
coQa:;?ensatLQn inaigjrv the losses aie inini^^ 

Axx>rdLngto an aspect cf this variant, such self ad^tivegstanispcovidedmth an 
15 automatic setting of the inargirL The load cunmtsi^^ 
Fijrthainore, lowoutput voltages vd^ 

theconcpaisattonmargncanbe smaTlprthanathigjhcun]ent& Thaefare, according to this 
aspect of the present rnvQitioa\ it is advantageous to oonttol the margjn together with the 
oi;itpiit volixme of the aoplifier in Q]^^ 

20 



According to another a^?ect of the fotnth embodiment, the stpfiy ripple monitor drctdt 60 
25 maybe apart of the g^e drive dbccdt EDefiecably, the stpjiy ripplemonitar drcuit 60 is 
inade an int^gpated diaiLt to reduce the compart^ 

Axxaoing to anotho: aqped: of the foi^ 

an alternative supply ripple monitor drcuit 6 0 may also be prowded for the hi^ ade switch. 
3 0 Thetefore^ according to this abject of the present inventiarv instead of awdding that the Icm 
side ssf\atch is not rurtrmg in satt^ 
the higli side stAitdi to avoid that the ade sv^^ 
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CLAIMS 



1. DigiMannplifierforooiiverdngana^ 



a pov^a: siq^ply port; 

a badge dicuLt mth at least one pair of sv^ 

arippJe siyppmsion dicuit for sq^pcesemg wltag^i^^ples to the 

5 brid^ drctdt vsith at least one pair of switches ^da the TOlt^ suppty port; 
\>iTa:ein I3ne npple sq^pas^^ 
bndgB drcdt at least one pair of sv\itdiesL 

2. The digital ancplifier aocoidmg to dahn 1, \\teein flie lippie si^psesaon dzcuit 
10 cx>ixipQdsesa]ixieadycx3n^ 

3. The digital arrq^Jifier according to daimZ, 

^diQBin the canta>Ued voltagje oontioller is for multiple channels of the amplifier; 
vdierdn the least one pair of svM.tches is configuced as an H-bridge; and 
15 wJiecein a coarse sifply voltage setting is qjplied in fimt of the controlled volt^ controller. 

4. ThedigjitalairipMeracasrdingtociaiml/ 
\^Jn£re^n the sit^itdnes aiB transisto^^ 
\vherein the np{ie siqpps}^ 

20 of ttansistac^-and 

\>toQn the zip{^ sifpissa 

orie pair of transistors in a linear r^on of Ihe first ti3^^ 



25 




PHDE030102EP-P 

-18- 



5. The digital airpMarcfdaim 4, vNliei^ 

gaificate an etior signal on the basis of a coiryflrisogi of a vdtage at the power si^^ply port to 
a r^simoe vdtagp and a vdt^ diqp over a seoo^ 
transistois and to oontrd a gpte voltage of 1^ 
5 to ddw the fiisttiHnsistor in the linear 

6. The digital anpliCLet of daiiii4, 

wherein the zipple sif^ptesEian circuit oonpises a band pass filter foe liiniting the bandv\idlh 
of tiienpftesi{)pDesEionciirinttorQdi^ and 
10 wtoan the ripple si^jpx^^ 

san^Jingavoltageat thepov^-sij^iyp at dutycydesi 

7. The digital air^lifier of daim 4, further coirq^rising a referent 
generates the refenence TOltage on the baas of a TO^ 

15 lequiied oocryensation maig?n. 

8. The digital anplifier acootxing to daim 1, wJieiein at least one pair of switches corr^jrises 
power ttansistois and wteein the power transistors and the ripple suppression drcuit are 
integpated in a module or int^pated drcuit. 

20 

9. The digital aiiipMeraccxKdrng to dLcdml^wh^ 

sL^ppnession drcuit is adapted to an output pow^r of the aix^lifier sudi that it is low at a 
hi^ output power of the amplifier and wiia^ein the digital anplifier is a dass D amplifier. 



25 10. AiqDplesi^^p^essLQn drcuit 

amplifier, the ripfiest^jpressian droit coripiflng a lineariy controlled voltage contioller. 
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11. Aiippie si^jpiesam dioit far cxinn^^ 

amplifiQ:, the class D artqiMerindiKimgatle^Qnepakof ti^^ 
»:{p?essm dixnjit is (X}nn^^ 
^Aiiecein the nppk st{)pi£^^ 
5 cine pair of tianastois in a linear le^^ 

12. Method fOTStjTpisssingripp^ atrplifier, the 
inethod cx^QDCfTtising tiie st^ ol& 

pafQDXQiig a linear wltage oont^ 
10 the class Dauf^fLer. 

13. MeBiCKifbrsi^jpiesangripplesinapov^ annplifier, \\herein 
the class D aii^iMer indudes at least one pair of tranast^ 

of: 

1 5 driving of a first transistor of the at least one pair of transistozs in a linear n^cn of the first 
tranastor. 



' " PHDE030102EP-P 
ABSTRACT 
Digital azr^^lifier 



Recently, theuseof dass-D aiidoanpMeishasbeooireiiTO In 
cOETttr^ to the gpif^Tly prnployfd dags- AR linp^r ptm pWfir^^nr } t^bnoloQ', dass-D 
5 alloTAsfbr iiryromi efficiency: HovNever, fJie class- D principle is knowi for its poor 
distortioii charact6ristic& Acoortibng to thepresoTt inventicn a digital annplifior is provided 
for converting an audio agnal to apower output, corr^xising a ripple stq^presaon dicuit far 
SL5>presangvc>ltggjB ripples in a sifply voltage stpplied to the bridge circuit lAith at least one 
pairof switchea Ther^jjiesifpresQCBidrcuitsipi^^ 
1 0 stfplifid to a smtdi in the bri^ drcuit, which has been fotxnd to cause a mq' or part of the 
distortians in the output signal of the distal anpHfier. 



(Figl) 
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